High level production of flavonoid rhamnosides by metagenome-derived Glycosyltransferase C in Escherichia coli utilizing dextrins of starch as a single carbon source.
Flavonoids exert a wide variety of biological functions that are highly attractive for the pharmaceutical and healthcare industries. However, their application is often limited by low water solubility and poor bioavailability, which can generally be relieved through glycosylation. Glycosyltransferase C (GtfC), a metagenome-derived, bacterial glycosyltransferase, was used to produce novel and rare rhamnosides of various flavonoids, including chrysin, diosmetin, biochanin A, and hesperetin. Some of them are to our knowledge firstly described within this work. In our study we deployed a new metabolic engineering approach to increase the rhamnosylation rate in Escherichia coli whole cell biotransformations. The coupling of maltodextrin metabolism to glycosylation was developed in E. coli MG1655 with the model substrate hesperetin. The process proved to be highly dependent on the availability of maltodextrins. Maximal production was achieved by the deletion of the phosphoglucomutase (pgm) and UTP-glucose-1-phosphate uridyltransferase (galU) genes and simultaneous overexpression of the dTDP-rhamnose synthesis genes (rmlABCD) as well as glucan 1,4-alpha-maltohexaosidase for increased maltodextrin degradation next to GtfC in E. coli UHH_CR5-A. These modifications resulted in a 3.2-fold increase of hesperetin rhamnosides compared to E. coli MG1655 expressing GtfC in 24 h batch fermentations. Furthermore, E. coli UHH-CR_5-A was able to produce a final product titer of 2.4 g/L of hesperetin-3'-O-rhamnoside after 48 h. To show the versatility of the engineered E. coli strain, biotransformations of quercetin and kaempferol were performed, leading to production of 4.3 g/L quercitrin and 1.9 g/L afzelin in a 48 h time period, respectively. So far, these are the highest published yields of flavonoid rhamnosylation using a biotransformation approach. These results clearly demonstrate the high potential of the engineered E. coli production host as a platform for the high level biotransformation of flavonoid rhamnosides.